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Abstract 
0BThis study investigated the differences between DCD and typically developing children in motor and cognitive abilities, and 
determined which tasks were best indicators in order to assess children with and without DCD. The study adopted the PASS 
theory of information processing in motor and cognition. Participants were 42 preschool students 5 years old (24 DCD and 18 
non DCD). Results revealed that DCD differed significantly (p<0.05) from non DCD students and performed at a lower level on 
all motor and cognitive tasks. The discriminant analysis showed the strengths and weaknesses for both groups. Early 
identification of specific cognitive-motor difficulties, as a precursor of academic performance, contributes to early intervention. 
© 2010 Elsevier Ltd.
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1B . Introduction 
 
Developmental coordination disorder (DCD) is a marked, or serious, impairment in the development of motor 
coordination. The disorder interferes significantly with a child’s academic achievement or activities of daily 
living (APA, 1994; WHO, 1993). According to Visser (2003) the diagnosis of DCD is based on a standardized 
motor test, such as the Movement Assessment Battery for Children (Henderson & Sugden, 1992). Testing results 
give information about motor characteristics and difficulties, but not about strengths and weaknesses in the 
cognitive domain. Studies have reported developmental problems in children with motor impairments. These 
problems are associated with attention and learning disabilities in reading or dyslexia (Dewey et al., 2002). Piek 
et al. (1999) reported, that the severity of a children’s inattentive symptomatology was a significant predictor of 
motor coordination difficulties. Dewey et al. (2002) found similar results, that is children with developmental 
movement problems, no matter what the degree or severity are at risk for problems in learning, attention and 
psychological functioning. Attention deficits were reported by other researchers too (Kadesjo & Gillberg 1999; 
Wilson et al., 2003 ). 
The present study adopted an alternative model of cognitive abilities, the PASS theory (Das, Kirby & Jarman, 
1975) to investigate the way children process information. According to PASS theory, human cognitive 
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functioning is based on the four interrelated components: Planning, Attention, Simultaneous and Successive 
Coding. Cognitive abilities and motor activity does not account as separate elements for planned behavior (Das, 
1986). Children with DCD or learning disabilities may have a disorder in coding or/and in using information 
coding. Specifically, the information processing model of PASS theory is a coherent model of how the mind 
operates and has been used to examine cognitive abilities between DCD and non DCD children.  
Planning is responsible for making plans, decisions, judgments and evaluations. Information cannot be 
processed and plans cannot be made unless it is intended. Attention therefore plays a key role in cognitive 
functioning. That is, attending to incoming information leads to coding and planning. 
Simultaneous and Successive coding are responsible for analysis and synthesis of information and then for 
organizing information into a single group or in sequential order.  For example, we do simultaneous coding when 
we realize that "cat, dog and goldfish" are all pets and we use successive coding, when we remember the 
sequence of numbers that forms a telephone number. Finally, all the above cognitive processes are influenced by 
the knowledge base and more exactly, knowledge acts as a moderator for processing (Das et al., 1994; Wall, 
2004). 
2B . Method 
 
2.1. Participants 
The sample included 42 preschool students 5 years old (24 DCD: 13 boys, 11 girls, and 18 non DCD: 15 
boys, 3 girls). The mean age of the DCD group was 62,58 months (S.D.= 2,35), when Movement Assessment 
Battery for Children (MABC) was administered and 63,98 months (S.D.= 1,59), when Cognitive Assessment 
System (CAS) was administered. The mean age of the control group was 60,86 months (S.D.= 3,78), when was 
administered the MABC and 62,80 months (S.D.= 2,67), when was administered the CAS. All students were 
enrolled in general kindergarten school and had never diagnosed with any physical impairment or intellectual 
disability. Those children who scored below the 15th percentile for their age on the MABC were included in the 
DCD group. The total score on the MABC (Henderson & Sugden, 1992) classified students into three categories: 
a) <10 without DCD (ok), b) 10-13 with moderate difficulties ( "at risk"), c)> 14 serious problems with motor 
coordination (DCD - "movement problem").  Thus, the sample of DCD students is characterized by varying 
degrees of motor dysfunction (“at risk” or “severe”). The control group had no symptoms of DCD, as indicated 
by the children’s teachers, as well as their MABC scores (Henderson & Sugden, 1992). 
 
2.2. Instruments 
2.2.1. Motor Assessment 
The Movement Assessment Battery for Children (MABC: Henderson & Sugden, 1992) was used to assess 
motor difficulties and confirm the existence or not of DCD. It is a norm-referenced test which assesses 
performance in three motor domains: a) manual dexterity, b) ball skills, and c) static and dynamic balance. 
Reliability and validity of the MABC are good and available in test’s manual (Henderson & Sugden, 1992).  
The running speed, which is a gross motor ability, were tested with the standardized task ‘running speed and 
agility’ of the Bruininks - Oseretsky Test of Motor Proficiency (BOTMP: Bruininks, 1978), like the research of 
Ȃacnab et al. (2001). Otherwise, in the Hoare’s research (1994) the running was evaluated with 50 yd dash. 
 
2.2.2. Cognitive Assessment 
The Cognitive Assessment System (CAS: Naglieri & Das, 1997) was administered to assess cognitive 
abilities of students. CAS is a norm-referenced test, which identified specific strengths and weaknesses in 
cognitive processing. Also, it predicts academic achievement in children. Three major cognitive domains were 
used: a) Planning Scale, b) Attention Scale, and c) Simultaneous Coding Scale. The standard scores among the 
individual Scales have relevance to successes and failures in specific areas of academic performance (Naglieri & 
Das, 1997). Reliability and validity of the CAS are good and available in test’s manual (Naglieri & Das, 1997).  
Ensuring of the average intelligence of the sample was achieved with the average non-verbal intelligence 
scores (5 year old DCD and non DCD: M = 8,83 / SD = 2,56 / 12 scaled score: Average), which resulted from 
the task  'Non Verbal Matrices' of CAS test. The average non-verbal intelligence showed that the mental 
function of the sample operated at the average on this task. 
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2.3. Procedure 
Ethical approval to visit the schools and examine the students was provided by the Greek Ministry of 
Education (26 kindergartens were randomly selected in Athens). Each student was assessed individually in 
especially prepared rooms in the schools. Parental informed consent was obtained for each child. The teachers 
helped in the identification of students with motor coordination deficits (in gross or fine motor skills, or both). 
The 10 tasks of the MABC and the ‘running speed and agility’ task of the BOTMP were applied first (30 mins.). 
The 21 task of the CAS were applied third (45ǯ-60ǯmins).   
2.4. Statistical analysis 
The data analyzed using SPSS-PC for Windows Release 10.0 (SPSS, 2000) with .05 probability level of 
statistical significance. Descriptive statistics of the dependent variables were tabulated and examined. Because 
the sample was part of a larger study (108 students original sample), Multivariate analysis of variance 
(MANOVA) (Tabachnick & Fidell, 2001) was used: a) to investigate group differences on the 11 measures of 
motor skills and 21 measures of cognitive abilities, and b) to identify the number of children correctly classified 
on their motor coordination level (DCD or not), using the dependent motor and cognitive measures. Finally, 
discriminant analyses were conducted in order to determine which motor and cognitive variables are the best 
predictors to separate significantly the DCD and non DCD groups. 
The dependent variables selected based on characteristics of children with DCD and difficulties observed in 
specific motor and cognitive skills according to relative bibliography. 
 
3. 3BResults
Descriptive Statistics are presented in Table 1. 
 
UTable 1. Means and standard deviations of the motor and cognitive tasks for both groups  (p<.05) 
 
 UDCD n= 24U              Unon DCD 
n=18U 
 UDCD n= 24U              Unon DCD 
n=18U 
Motor skills 
M SD M SD
Cognitive
abilities:
Planning 
M SD M SD
Manual
dexterity
    planning codes1 (corrects) 7,91 4,69 17,61 7,83 
mandext1 
nominal 
(secs)
22,24 3,32 17,77 2,48 
planning codes2 
(corrects) 8,25 4,13 14,38 6,07 
mandex1 
non nominal 
(secs) 24,44 3,79 20,80 2,53 
Cognitive
abilities:
Simultaneous 
Coding 
    
mandext2 
(secs) 83,66 20,44 57,19 8,40 
non verbal 
matrices2a /total 
score= 33 
7,45 2,18 10,66 1,78 
mandext3 
(errors) 3,41 2,91 1,16 1,09 
verbal spatial 
relations /total 
score=27 
9,54 3,57 13,66 1,97 
Ball skills   figure memory /total score=27 3,58 1,63 6,05 2,15 
ball skills1 
(catches) 4,04 2,13 7,50 1,20 
Cognitive abilities: 
Attention     
ball skills2 
(throws) 4,45 1,69 7,11 ,90 
expressive attention 
final 3rd exercise  
( secs)  
96,46 41,00 68,23 18,28 
Balance & 
running     
expressive attention 
final 3rd exercise 
(corrects) 
35,25 8,31 39,11 1,02 
statbalance 
nominal 
(secs)  
7,82 5,18 16,89 8,71 
number detection 
(corrects minus 
errors) 
18,58 9,03 28,44 7,04 
statbalance non 
nominal (secs) 7,83 5,65 14,82 9,44 
number detection2 
(corrects minus 
errors)  
14,20 6,89 24,22 7,24 
dynambalance1 2,87 1,91 1,50 ,98 receptive 113,29 16,34 102,41 23,60 
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(pass) attention1seconds 
raw  (secs) 
dynbalance2 
(number of 
correct steps) 
9,50 3,23 12,44 3,60 
receptive attention 
(corrects minus 
errors)  
9,70 2,86 12,16 1,20 
runbotmp 
(secs) 11,14 1,28 10,13 ,95 
receptive attention2 
(secs) 115,29 11,26 93,34 27,29 
Cognitive
abilities:
Planning
    
receptive attention 
(corrects minus 
errors)  
9,66 2,59 11,50 ,85 
matcing 
numbers1 (secs) 146,57 11,79 94,61 35,32 
receptive attention 
(secs) 120,50 2,44 120,33 10,97 
matcing number1 
(corrects) 6,41 1,38 7,77 ,73 
receptive attention3 
(corrects minus 
errors)  
8,87 3,68 12,77 2,18 
matcing number2 
(corrects) 2,66 1,46 4,55 1,29 
receptive attention4 
(0 to 121 secs) 118,66 8,17 111,07 15,04 
planning 
connections 
(secs) 
247,08 149,8 187,8 77,9 
receptive attention4 
(corrects minus 
errors)  
8,04 2,92 10,94 1,76 
 
MANOVA results showed a significant overall effect when motor variables were examined all together 
(Wilks’ Lambda= .177, F(12,683); p<.000. However, when multivariate analysis administered on separate motor 
domains, significant differences revealed from each motor domain: a) four ‘manual dexterity’ variables (Wilks’ 
Lambda= .46; p<.000), b) two ‘ball skills’ variables (Wilks’ Lambda= .37; p<.000), c) five ‘balance and 
running’ variables (Wilks’ Lambda= .50; p<.000). 
MANOVA results showed a significant overall effect when cognitive variables were examined all together 
(Wilks’ Lambda= .250, F(2,852); p<.01. However, when multivariate analysis administered on separate 
cognitive domains, significant differences revealed from each cognitive domain: a) six ‘planning’ variables 
(Wilks’ Lambda= .42; p<.000), b) three ‘simultaneous coding’ variables (Wilks’ Lambda= .53; p<.000), c) 
twelve ‘attention’ variables (Wilks’ Lambda= .45; p<.009). 
The results showed that the two groups had significant differences in all motor and cognitive skills. In each 
task the 5aged students with DCD performed significantly less well than 5aged students with non DCD. 
Discriminant analysis was then conducted in order to determine whether the eleven motor  and twenty-one 
cognitive variables could predict group membership (DCD versus control). For the motor skills one discriminant 
function was found for group classification of all participants (Wilks’ Lambda= .194; p<.000). However, two 
variables (manual dexterity1: Wilks’ Lambda= .48; p<.000, and manual dexterity2: Wilks’ Lambda= .60; p<.000) 
could significantly separate children with and without DCD.  Based on this function, 88,1% of the original grouped 
cases were found to be correctly classified (83,3% of the DCD group and 94,4% of the control group). Two 
variables (ball skills1: Wilks’ Lambda= .51; p<.000 and ball skills2: Wilks’ Lambda= .37; p<.000) could 
significantly separate children with and without DCD.  Based on this function, 85,7% of the original grouped cases 
were found to be correctly classified (79,2% of the DCD group and 94,4% of the control group). One variable of 
static balance (static balance1: Wilks’ Lambda= .68; p<.000) and two variables of dynamic balance (dynamic 
balance1: Wilks’ Lambda= .57; p<.000  and dynamic balance2: Wilks’ Lambda= .50; p<.000) could significantly 
separate children with and without DCD. Based on this function, 85,7% of the original grouped cases were found to 
be correctly classified (87,5% of the DCD group and 83,3% of the control group). 
For the cognitive skills one discriminant function was found for group classification of all participants 
(Wilks’ Lambda= .389; p<.000). Two variables which tested the cognitive ability of planning (matching 
numbers1: Wilks’ Lambda= .47; p<.000  and planning codes1: Wilks’ Lambda= .42; p<.000) could significantly 
separate children with and without DCD.  Based on this function, 90,5% of the original grouped cases were 
found to be correctly classified (95,8% of the DCD group and 83,3,4% of the control group). Two variables 
which tested the cognitive ability of simultaneous coding (non-verbal matrices: Wilks’ Lambda= .61; p<.000  
and figure memory: Wilks’ Lambda= .55; p<.000) could significantly separate children with and without DCD.  
Based on this function, 78,6% of the original grouped cases were found to be correctly classified (79,2% of the 
DCD group and 77,8% of the control group). One variable which tested the cognitive ability of attention 
(number detection2: Wilks’ Lambda= .66; p<.000) could significantly separate children with and without DCD.  
Based on this function, 78,6% of the original grouped cases were found to be correctly classified (83,3% of the 
DCD group and 72,2% of the control group). 
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4B . Discussion 
 
The aim of this study was to compare the motor skills and cognitive abilities of children with DCD to those 
of typically developing children in order to find the variables that will best differentiate between the two groups. 
This would represent a synthetic model evaluating the needs of this population.  
Previous studies revealed that DCD is not an isolated problem affecting motor performance (Miyahara, 
1994). According to the data, the students with DCD differentiated motor and cognitively from non DCD 
children. In each task the performance of students with DCD was significantly lower than their peers without 
DCD. The results of discriminant values showed that the two groups could be separated according to their 
performance on manual dexterity, ball skills, static and dynamic balance (MABC), running (BOTMP), and 
planning, simultaneous coding and attention (CAS). These differences are consistent with previous studies that 
suggested the poor performance of DCD children relative to peers in gross and fine motor (Hoare, 1994; Wright 
& Sugden, 1996), and in static and dynamic balance (Visser et al., 1998). Furthermore, differences have been 
reported in cognitive abilities, such as planning (Martini et al. 2004; Sugden & Wright, 1998), attention (Dewey 
et al., 2002; Wilson et al., 2003), visual-spatial processing and generally information processing (Wilson & 
MacKenzie, 1998). Also, previous studies have found lower performance in children with DCD than non DCD 
on visual-perceptual skills (Dewey & Kaplan, 1994),and visual memory (Dwyer & McKenzie, 1994). 
Furthermore, discriminant analysis results showed that specific skills appeared to be the best discriminators 
between the two groups (motor skills: manual dexterity1, manual dexterity2, ball skills1, ball skills2, static 
balance1, dynamic balance1, and dynamic balance2; cognitive abilities: matching numbers1, planning codes1, 
non-verbal matrices, figure memory, and number detection2). These findings require further research in order to 
compare across studies. Also, the results are needed to take account on developing and using an evaluation 
system that will enable more precise assessment of developing domains of children. 
The motor and cognitive abilities of DCD children were examined in the present study, through the 
information processing PASS model. Several studies have confirmed the importance of simultaneous coding in 
reading comprehension (Das et al., 1990). Also, it has been reported as a strong predictor of mathematics 
achievement (Leong, Cheng and Das, 1985; Warrick, 1989). Further, the role of planning and its relationship 
with mathematics achievement have been examined and confirmed in several studies (Kirby & Ashman, 1984). 
Planning is associated with reading (Naglieri & Das, 1987) and recall memory of literary passages (Das et al., 
1994). Also, it has been found stronger relationship between computational mathematics and planning, as well as 
stronger relationship between problem-solving and simultaneous coding (Garofalo, 1986).   
Longitudinal studies revealed that DCD in the early years carries increased risk of other learning difficulties 
at school age (Lyytinen & Ahonen, 1989). The long-term prognosis is not good without intervention, (Geuze & 
Borger, 1993). Thus, the cognitive-motor assessment in early years helps in early identification of strengths and 
weaknesses for each child and leads in early intervention. 
In the present study, the group of DCD children appeared to have motor and cognitive problems and is more 
likely to have learning problems in different academic areas. Thus, children with DCD are at significant risk of 
school underachievement. Early identification of motor-cognitive difficulties may be essential to early 
intervention, in both motor and academic areas. Task specific assessment leads to task specific methods and 
educational intervention practices, in order to improve learning, academic and performing difficulties. 
4. 5BConclusions
 
6B       DCD is associated with problems in planning; attention and simultaneous coding that may lead in learning 
disabilities. The ability of information processing has a significant role in movement domain as well as in 
cognition. Within study’s limitations, evaluation of children with both motor and cognitive measures provides an 
holistic  and precise method about learning ability. This method reveals strengths and weaknesses hidden behind 
the developing mechanisms of children. The present study supports the implementation of intervention programs 
and specific teaching methods focusing on the cognitive approach, where the development of planning and 
evaluation, coding, and attention skills in conjunction with the development or improvement of motor skills will 
facilitate learning, and will contribute to improving the academic performance of students.  
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